Agrobacterium tumefaciens infects a wide range of plants by transferring and integrating a piece (the T-DNA) of its tumorinducing (Ti) plasmid into the plant genome, resulting in the formation of crown gall tumors. To initiate this process, a set of genes, the virulence (vir) genes, on the Ti plasmid must be activated by three kinds of environmental signals at the wound site of a plant. These signals include specific classes of plant phenolic compounds, monosaccharides, and an acidic pH. The signals are perceived by three proteins, the VirA-VirG twocomponent transduction system and ChvE, a periplasmic sugar binding protein. In response to these signals, the VirA sensor protein is autophosphorylated at His-474, and this phosphate is then transferred to Asp-52 of the response regulator, VirG. The activated VirG then induces the expression of all of the vir genes (for reviews, see references 15, 17, and 32) .
The key molecule which allows Agrobacterium to sense environmental conditions favorable for T-DNA transfer is the VirA protein, which is anchored to the cytoplasmic membrane by two transmembrane domains. This protein contains four other domains: an amino-terminal periplasmic domain and three cytoplasmic domains. The latter domains include a linker, a kinase, and a carboxyl-terminal region termed the receiver because it contains a region that is homologous to the phosphorylatable receiver domain of VirG (5) . The periplasmic domain is responsible for sensing a variety of monosaccharides involved in vir gene induction. The linker domain is necessary for perceiving phenolic compounds and acidity (5) . The function of the receiver domain is less clear. Chang and Winans (5) reported that the A6 VirA receiver domain might play an inhibitory role in signal transduction, because when this domain was deleted, monosaccharides alone induced vir gene expression in the absence of phenolic compounds. Similar results were obtained by Gubba et al. (14) . However, deleting the C-terminal receiver domain from the VirA protein of Agrobacterium rhizogenes resulted in a strain which showed poor vir gene induction and was nontumorigenic on Kalanchoe diagremontiana leaves (11) . The A6 VirA receiver domain apparently restricts the recognition of phenolic inducers by VirA, since certain mutations in the domain or its removal widens the spectrum of inducers which VirA recognizes (6) .
The chvE gene plays several roles, one in the uptake of specific sugars, another in chemotaxis to these sugars (4, 18) , and a third in the VirA-VirG two-component signal transduction system. ChvE is homologous to two periplasmic proteins involved in sugar recognition and uptake in Escherichia coli (4, 18) . The inducing monosaccharides, all of which are components of the plant cell wall, are sensed by the VirA protein via the ChvE protein (1, 4) . The ChvE protein interacts with each of the various inducing monosaccharides, and the ChvE::monosaccharide complex in turn interacts with the periplasmic region of VirA (4, 26) . The periplasmic domain of VirA may repress its function, and this repression is overcome by the binding of the ChvE::monosaccharide complex to the periplasmic domain of VirA (4, 15, 26) . All Agrobacterium strains containing a defective chvE are defective in vir gene induction and have limited host ranges compared with those of wild-type strains (13, 18) . In strain A348, mutants lacking the periplasmic domain of VirA have the same host range defects and inducing properties as chvE mutants. They are avirulent on some, but not all, plants (4) . However, in strain C58, the loss of the ChvE protein results in the almost-complete loss of vir gene induction and an extremely limited host range (10) . The chvE gene is regulated by the inducing monosaccharides through the gbpR gene product, GbpR, a member of the LysR family of transcriptional regulators (9) . A subset of the monosaccharides which are involved in the induction of the vir genes induces the expression of ChvE a maximum of eightfold; in their absence, GbpR represses its expression (9) .
In this paper, we present evidence that specific monosaccharides can broaden the spectrum of phenolic compounds which can serve as vir gene inducers. This effect is due to an increased level of the ChvE protein resulting from the induction of chvE gene expression by GbpR and the inducing sugar.
MATERIALS AND METHODS
Bacterial strains, plasmids, and media. The bacterial strains and plasmids used in this study are listed in Table 1 . A. tumefaciens strains were grown in MG/ L or AB minimal medium at 28°C (21) . E. coli strains were grown in LuriaBertani medium (24) at 37°C. The following antibiotics were used at the indicated concentrations (in micrograms per milliliter): for A. tumefaciens, carbenicillin (100), kanamycin (100), gentamicin (100), spectinomycin (250), and tetracycline (5); and for E. coli, carbenicillin (100), kanamycin (100), gentamicin (5), and tetracycline (15) . These concentrations were reduced by one-half for liquid media. For measuring the basal level of vir gene induction, glycerol induction broth (GIB) (2) was used. This medium contained AB mineral salts, 0.5 mM NaH 2 PO 4 , 50 mM MES [2-(N-morpholino)ethanesulfonic acid] (pH 5.5), and 0.5% (wt/vol) glycerol. As needed, different phenolic compounds and monosaccharides were added to GIB at the concentrations indicated. GIB medium also contained appropriate antibiotics to ensure plasmid maintenance.
Enzymes and reagents. Restriction enzymes, T4 DNA ligase, and Vent DNA polymerase were purchased from Bethesda Research Laboratories or New England Biolabs and used according to the supplier's recommendations. Among the phenolic compounds used, acetosyringone (AS), acetovanillone, and 4-hydroxyacetophenone (HAP) were purchased from Aldrich Chemical Co.; syringaldehyde, syringic acid, ferulic acid, p-coumaric acid, and phenol were purchased from Sigma. The phenolic compounds were prepared in dimethyl sulfoxide as 1 M or 100 mM stock solutions. o-Nitrophenyl-␤-D-galactoside (ONPG) and MES were purchased from Sigma. Isopropyl-␤-D-thiogalactopyranoside (IPTG) was purchased from U.S. Biochemical. Antibiotics and other reagents were purchased from Sigma.
Overexpression of chvE. To increase the expression level of chvE, we placed the chvE gene under the control of the Ptac promoter. Two primers, chvE-head, GGGAGAGTTAATGAAGTC, and chvE-tail, GCGAATTCTTATTTCAGCT GGTCTTC, were used to amplify the chvE coding region from A348 genomic DNA with high-fidelity Vent DNA polymerase. The primer chvE-tail has an EcoRI restriction site. The amplification reaction was performed in a total volume of 100 l containing 1 g of A348 genomic DNA, 20 nmol of each deoxynucleoside triphosphate, 20 pmol of each primer, and 2 U of Vent DNA polymerase. The reaction was performed as follows: 94°C for 5 min; 30 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min; followed by 72°C for 10 min. The 1-kb chvE PCR product (digested with MseI and EcoRI) was ligated with a 5.3-kb NdeIEcoRI fragment of pPR1068 to create pWT120. A 2.6-kb MscI-HindIII fragment of pWT120 containing chvE and lacI q was cloned into SmaI-and HindIIIdigested pUFR047 to create pWT121. A 1.7-kb EcoRV-HindIII fragment of pWT120 containing the chvE gene was cloned into pUFR047, which had been digested with SmaI and HindIII, to create pWT122.
Construction of gbpR mutants. pSL2L was introduced into C58⌬virA and A136 by electroporation, selecting for kanamycin-resistant colonies. These colonies were screened for gene replacement as judged by sensitivity to carbenicillin. Putative double-crossover events resulting in gene replacement were verified by Southern hybridization.
Western immunoblotting. A. tumefaciens cultures (50 ml) were grown under the same growth conditions used for vir gene induction and then centrifuged, and the cell pellets were suspended in 2 ml of buffer containing 10 mM Tris (pH 8.0), 10 mM EDTA, 10% glycerol, and 1 mM phenylmethylsulfonyl fluoride. The cells were disrupted by two passages through a French press minicell at 1,000 lb/in 2 . The resulting crude cell lysates were centrifuged for 5 min, and the supernatants were recovered. Total protein concentrations were determined by using the BioRad protein assay kit with bovine serum albumin as the standard. Equal amounts of protein (50 g) were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (12% polyacrylamide) and then transferred to polyvinylidene difluoride membranes (Millipore Corporation) with the Trans-Blot SD semidry electrophoretic transfer cell (Bio-Rad Laboratories). Antiserum which interacted with ChvE was raised in rabbits against the glutathione S-transferase-chvE fusion protein (27) . Horseradish peroxidase-conjugated antibodies raised in goats against rabbit immunoglobulin G (Bio-Rad Laboratories) and the ECL Western blotting analysis system (Amersham Life Science) were used to visualize the ChvE protein.
vir gene induction assays. Agrobacterium cells were grown in 25 ml of MG/L containing appropriate antibiotics to an optical density of about 0.4 at 600 nm. The cells were pelleted, resuspended in 1.0 ml of water containing 15% glycerol, and frozen at Ϫ70°C (31). Cells were thawed as needed and used to inoculate 2.0 ml of induction broth to an initial optical density at 600 nm of 0.1 in a 15-ml culture tube containing the phenolic and monosaccharide inducers indicated. Cultures were incubated with shaking at 28°C for 20 to 24 h. vir gene induction was measured as a function of ␤-galactosidase activity as assayed by the method described previously (22) . All ␤-galactosidase activities reported are an average of three independent determinations.
RESULTS
The substrate specificity of VirA A6 can be broadened by using arabinose as the inducing sugar. In a previous study (19) , we demonstrated that different VirA proteins respond to different phenolic inducers. The vir genes of KU12 are induced by HAP, p-coumaric acid, and phenol, which are weak vir gene inducers in strains C58 and A6. In all of these studies, glucose was used as the inducing sugar. We extended our studies on the VirA-VirG-ChvE signal transduction system by testing other sugars in combination with these weak phenolic vir inducers.
Two wild-type A. tumefaciens strains, C58 and A6, and two genetically modified strains of C58 carrying either 1 to 2 or 10 to 15 copies of virA, virG, and the virB::lacZ translational fusion of strain A6 were tested for their responses to three weakly inducing phenolic compounds (HAP, p-coumaric acid, and phenol) ( Table 2) . When arabinose was used as the inducing sugar ( Table 2 , column 1), the vir genes of strain C58 were induced 16-fold by HAP. However, the wild-type strain A6 was not induced with these same inducers ( Table 2 , column 2). Interestingly, the VirA A6 from pSM402 was induced more than 12-fold by HAP with 10 mM arabinose when it was removed from its cognate Ti plasmid background and placed in a pTiC58 background (Table 2 , column 3). This suggests that a pTiA6-encoded, VirA A6 -specific inhibitor is present in strain A6. Evidence for such an inhibitor was also observed in studies of agroinfection (16) .
The data in Table 2 also indicate that the copy number of the virA gene can influence the level of induction by arabinose. When the copy number was increased approximately eightfold, the induction was increased another eightfold ( Table 2 , column 4 versus column 3). Even glucose allowed a 20-fold increase in induction with HAP in strains with elevated levels of virA ( Table 2 , column 4). The main difference between the two plasmids pSM402 and pGP159 is the copy number (7, 8, 28) . As shown in Table 2 , column 4, increasing the copy number of virA also led to a much higher level of induction by HAP, p-coumaric acid, and phenol.
Since pGP159 also contains 10 to 15 copies of virG, we explored the possibility that the extra copies of virG were responsible for the higher fold levels of induction by HAP and, to a lesser extent, p-coumaric acid and phenol. We compared the inducing activity of HAP in two derivatives of C58⌬virA. One derivative contained pGP159 with multiple copies of virA and virG, while the other contained pIB422 with multiple copies of virA but no virG. The levels of induction were approximately the same (data not shown). We conclude that the extra copies of virA, and not virG, are responsible for the higher levels of induction by HAP.
Induction of vir genes in gbpR mutants by HAP. Because a consistently higher level of induction was seen with arabinose than with glucose when weak phenolic inducers of the vir genes were present as inducers, we considered the possibility that higher levels of the ChvE protein might account for the differences observed. We have shown previously that arabinose induced the expression of ChvE about eightfold whereas glucose had no effect on the level of ChvE (9) . Arabinose interacts with the GbpR protein, a member of the LysR family of regulatory proteins, to induce the synthesis of ChvE. In the absence of an inducing sugar, such as arabinose, GbpR represses chvE expression; in the presence of an inducing sugar, GbpR activates chvE expression. In the gbpR mutants, the level of chvE expression increased to a level which is intermediate between the basal and induced levels in the wild-type strain (9) . Consequently, if the ChvE level determines vir gene induction by HAP, then in a gbpR mutant, the fold induction should be less than that in the wild type when arabinose is used as the inducing sugar while the fold induction should be more than that in the wild type when glucose is used. The results in Table  3 show that this is observed. A gbpR mutation in strain A136 (pGP159) reduced the fold induction from 113 to 48 when arabinose was the inducing sugar, while it increased this fold induction from 14 to 29 with glucose. The same phenomenon was observed in the strain C58⌬virA(pGP159). These data support the notion that the two sugars operate through the regulatory protein GbpR, presumably by controlling the level of the ChvE protein.
The level of ChvE is limiting for the induction of vir genes. To demonstrate convincingly that the level of ChvE is the critical factor in determining what sugars influence vir gene induction by weak phenolic inducers, we put chvE under the control of the strong Ptac promoter, which functions independently of sugars. In such a construct we would expect that glucose and arabinose would be equally effective in inducing vir genes with 
a All strains were grown for 20 to 24 h in GIB induction medium containing phenolic compounds with or without monosaccharides at the indicated concentrations. The cultures were then assayed for ␤-galactosidase activity as described in the text. The data are means Ϯ standard errors of the means for three samples. pSM243cd contains a virB::lacZ fusion. pSM402 contains pTiA6 virA, virG, and a virB::lacZ translational fusion in pVK102, a low-copy-number cosmid (1 to 2 copies/cell) (18a). pGP159 also contains pTiA6 virA, virG, and a virB::lacZ translation fusion in IncP vector pTJS75 (10 to 15 copies/cell) (8) . ␤-Galactosidase activities of cultures lacking phenolic compounds were less than 2 U. HAP was used at 250 M, while p-coumaric acid and phenol were used at 100 M. Arabinose and glucose were used at 10 mM. HAP. The Ptac promoter has been used successfully to express Agrobacterium genes (6). We constructed two plasmids, one (pWT121) containing lacI q , which directs controlled expression of chvE upon addition of IPTG. The other plasmid (pWT122) does not contain lacI q , so chvE is expressed constitutively at high levels. From immunoblotting, we can clearly see the expected differences in the amounts of ChvE protein among the different bacterial cultures (Fig. 1) . The ChvE protein concentration in Agrobacterium grown with 10 mM arabinose as the inducing sugar (Fig. 1, lane 1) is obviously much higher than what is observed with 10 mM glucose as the inducing sugar (Fig. 1, lane 2) . As expected, we observed considerably higher levels of chvE expression when using the Ptac promoter (Fig. 1, lanes 4 and 5) .
In order to observe the effect of the increased ChvE level, we introduced the constitutive expression construct pWT122 into two chvE mutants, A136MX1(pGP159) and At11058 (pGP159). As shown in Table 4 , the induction by HAP with glucose indeed increased, from 2 to 28 for A136(pGP159) and from 7 to 58 for C58⌬VirA(pGP159), presumably as a result of the increased levels of ChvE. Most importantly, glucose was just as good an inducer as arabinose when ChvE was highly expressed.
In order to observe the effects of differing ChvE concentrations in the same strain, we introduced the controlled expression construct pWT121, which contains lacI q , into the chvE wild-type strain C58⌬virA(pGP159). As shown in Table 5 , in the absence of IPTG, the induction level increased only 10-fold when glucose was present as the inducing sugar, but it increased 50-fold when IPTG was added to the induction medium. Significantly, glucose was as effective an inducer as arabinose when chvE was under the control of the Ptac promoter and IPTG was added.
Induction of vir genes by HAP with galacturonic acid. Ankenbauer and Nester (1) found that induction of the vir genes of A6 is much more sensitive to galacturonic acid than to the other 11 inducing sugars, all of which function through ChvE. However, galacturonic acid does not induce the expression of chvE, indicating that the galacturonic acid-ChvE complex is especially efficient in vir gene induction (9) . We used HAP in combination with galacturonic acid to determine whether the ChvE-sugar complex is important for activation of VirA by HAP. The vir genes were not induced by HAP with galacturonic acid (data not shown). This observation indicates that the different ChvE-sugar complexes are not the reason for induction by HAP, but it is consistent with the notion that an increased level of ChvE is the important end result of arabinose being in the medium.
The activity of the VirA receiver domain is controlled by the periplasmic domain. Chang et al. (6) have shown that a strain with a point mutation in the receiver domain of VirA, VirA (I734N), and a VirA mutant lacking the entire receiver domain recognize a broader set of phenolic compounds than the parent strain does. We wanted to compare the effects of different sugars on the induction responses of wild-type VirA and VirA (I734N). As shown in Table 6 , even the VirA(I734N) strain re- Lanes: 1, C58⌬virA(pGP159) grown in GIB plus 10 mM arabinose; 2, C58⌬virA(pGP159) grown in GIB plus 10 mM glucose; 3, C58⌬virA (pGP159, pWT121) grown in GIB plus 10 mM glucose; 4, C58⌬virA(pGP159, pWT121) grown in GIB plus 10 mM glucose plus 1 mM IPTG; 5, At11058 (pGP159, pWT122) grown in GIB plus 10 mM glucose; 6, At11058(pGP159) grown in GIB plus 10 mM arabinose. The numbers on the left are molecular masses. 
a pWT121 directs the controlled high expression of chvE upon addition of IPTG. The data are means Ϯ standard errors of the means for three independent samples. HAP was used at 250 M. Arabinose and glucose were used at 10 mM. IPTG was used at 1 mM. quires monosaccharides for vir gene induction, but HAP serves as a good inducer with either glucose or arabinose present. Apparently, the mutation I734N allows VirA to be induced to high levels with low levels of the ChvE protein. As a result, glucose as the inducing sugar can provide the level of ChvE needed to achieve a high induction level. In contrast, to achieve a high induction level, the wild-type VirA protein requires a high level of the ChvE protein, which glucose cannot provide. The mutation of the VirA receiver domain makes it much more sensitive to induction by phenolic compounds. It seems that the receiver domain restricts the ability of VirA A6 to respond to these normally weak vir gene inducers, and the conformational change of the receiver domain resulting from the mutation is favorable for vir gene induction. The binding of the ChvE::monosaccharide complex to the VirA protein must also change the conformation of the receiver domain.
Effects of glucose and arabinose on the inducing abilities of phenolic inducers in C58 and KU12. We determined if sugars influenced the inducing activities of a variety of phenolic compounds previously shown to induce vir genes to various levels. We studied the wild-type strains C58 and KU12 induced with phenolic compounds containing one methoxy group (acetovanillone and ferulic acid) or two methoxy groups (AS, syringaldehyde, and syringic acid) and phenolic compounds lacking both methoxy groups (HAP, p-coumaric acid, and phenol). The data in Table 7 reveal that only the compounds with the weakest inducing activity (HAP, p-coumaric acid, and phenol) showed an increased inducing activity when arabinose replaced glucose as the inducing sugar. Stronger inducers showed only a slight but consistent increase. Furthermore, this increase in inducing activity was only seen in strain C58.
An unexpected finding was the observation that strain KU12 was induced to a significant extent by AS and other compounds with two methoxy groups. This contrasts with a previous report that these compounds were very poor inducers (19) . The reason for these differences is not certain, but it may reflect differences in culture conditions used in vir gene induction. In the present studies, the precultures used for the assay of vir gene induction were always in the logarithmic phase of growth. This was not carefully controlled in the previous experiments. These new observations help to explain why strain KU12, which is induced by all of the phenolic compounds tested here, has an expanded host range compared with that of strain A348 (20) .
DISCUSSION
The data in the present paper demonstrate that the VirA protein in a variety of strains of Agrobacterium can recognize a broad variety of phenolic compounds for vir gene induction. Any differences that exist between different strains and different inducers are quantitative and not qualitative. This conclusion is obvious when arabinose is substituted for glucose and the number of copies of VirA is increased in the course of vir gene induction.
The data in this paper can be considered in terms of the model of vir gene regulation proposed by Heath et al. (15) . These investigators proposed that VirA has three states of activity: "off," "standby," and "on." The equilibrium which exists among these three states is driven by the two classes of inducing compounds, monosaccharides and phenolic compounds. In this model, the VirA sensor proteins of cells grown in medium at neutral pH is not autophosphorylated, but it becomes autophosphorylated in response to acidic conditions independently of monosaccharides, ChvE, or phenolic inducers. In the absence of monosaccharides, the VirA remains in the off state, with a small proportion of the molecules in the standby state, because of the equilibrium. In the off state, VirA is in a conformation in which the receiver and kinase domains interact. This intramolecular interaction between the receiver and kinase domains may prevent VirA from binding the phenolic inducers, perhaps by blocking access to the linker domain, the site at which the phenolic inducers bind. ChvE, with its bound monosaccharide, interacts with the C-terminal half of the periplasmic domain of VirA (4, 15, 26) , thereby converting the VirA protein to the standby state. The interaction between ChvE and the periplasmic domain of VirA alters the conformation of the receiver domain so that it no longer interacts with the kinase domain. This binding of ChvE to the periplasmic domain may also relieve a poorly defined repressive or inhibitory function of the periplasmic domain for signal transduction (3, 4, 15, 26) . In the standby mode, the VirA molecules are able to interact with specific phenolic compounds, most likely in the linker domain, and thereby become converted to the on state. This state allows the transfer of the phosphate molecule from VirA to VirG, which then transcriptionally activates all of the vir genes by binding to the vir box in the promoter region of each of the genes. The genes activated include virA in most, but not all, strains that have been studied.
The present data emphasize the importance of the concentrations of the VirA and ChvE proteins in vir gene induction. Only a few molecules of the VirA protein are ordinarily present in the inner membrane. In strain A6 this protein can be induced up to eightfold by AS, and it is induced in nopaline strains such as C58 as well (23, 30, 33) . If this induction does not occur, then the induction of other vir genes will be limited, even by ordinarily effective vir gene inducers such as AS. This was demonstrated by Turk et al. (30) , who showed that replacing the promoter region of a virA gene which was not inducible by AS because it did not have a vir box (strain Ag162) with a (Table 2) . Once the concentration is increased, the binding of the ChvE::monosaccharide complex to VirA increases the level of VirA in the standby form. Elevated levels of this form can then react with poor vir gene inducers and convert the standby form to the on form. In strain C58, apparently the threshold level of VirA is present and extra copies do not have to be introduced in order for the induction by weak inducers to be observed. The equilibrium between the off and standby forms of VirA can also be shifted in favor of the standby form by increasing the concentration of the other reactant in the equation, the ChvE protein. This protein is also present in a low concentration for vir gene induction. This is not surprising, since ChvE, which is chromosomally encoded, performs several functions in the physiology of Agrobacterium in addition to its role in vir gene induction. These include a role in the uptake of monosaccharides as well as in chemotaxis towards these molecules. ChvE becomes limiting for VirA activation when the level of VirA is increased by increasing the number of copies of virA. Therefore, increasing the level of ChvE results in additional molecules of VirA being converted to the standby mode and an increased level of vir gene induction by weak phenolic inducers.
The binding of the ChvE protein to the periplasmic domain of VirA must affect the conformation of the receiver domain and in some way allows the VirA molecule to interact with normally poor inducers, such as HAP, p-coumaric acid, and phenol. The change in conformation of the receiver domain can result either through mutation, such as I734N, or through the binding of ChvE to the periplasmic domain. However, the mutation I734N merely sensitizes the VirA protein so that it becomes more amenable to induction by HAP. This induction still requires ChvE, although not in as high a concentration as is required by the wild-type VirA, since glucose and arabinose are equally good inducing sugars for VirA(I734N). This suggests that the activity of the receiver domain is controlled by the periplasmic domain, a conclusion that was also reached by Turk (29) .
The effect of the increased levels of ChvE is most pronounced when the weakest phenolic inducers are used. Compounds like acetovanillone and ferulic acid are equally good inducers of strain C58 when either glucose or arabinose is the inducing sugar (Table 7 ). In the case of KU12, which is induced to significant levels by all vir gene inducers tested here, no significant difference is seen between the inducing properties of arabinose and those of glucose.
These studies expand our knowledge of the role of sugars in the interaction of Agrobacterium with its host cells and illustrate the interaction between chromosomally and plasmid-encoded gene products. Previous studies have shown that sugars synthesized by wounded plant cells could serve as attractants as well as carbon sources for Agrobacterium through pathways involving ChvE (4) . Sugars also play a critical role by binding to ChvE, which increases the affinity of ChvE for VirA (27) and thereby increases the concentration of VirA in the standby state. Previous studies also demonstrated that specific sugars determine the concentration of ChvE through an induction process involving the transcriptional regulator, GbpR. However in these earlier studies, no physiological importance could be attributed to GbpR, since mutations in the locus encoding this protein had no observable effect on any physiological characters tested. These included chemotaxis, sugar utilization, and tumor formation. The present observations demonstrate that GbpR, through its differential interaction with specific sugars, plays a significant role in expanding the inducing capabilities of weak phenolic inducers. By this interaction, the presence or absence of certain sugars determines the breadth of inducing capabilities of specific phenolic compounds and, in a subtle way, the host range of Agrobacterium.
